Abstract-The grid connected photovoltaic is one of the expected local power supply system that consists of distributed generators, loads, power storage devices, heat recovery and power electronics equipments. In this paper, a grid connected Photovoltaic (PV) energy system is presented to investigate the performance of the microgrid. The proposed model has been developed in Matlab-Simulink environment based on an improved control methodology incorporated within the Photovoltaic Generation System (PVGS). Finally, simulation results show the high performance of the proposed method and the recovered power is achieved.
INTRODUCTION
Renewable energy resources (RER) are attractive options for supplying loads in places where a connection to the utility network is either impossible or unduly expensive [1] . However, small isolated PVGS can feed local loads in many of the remote areas, and thus improve reliability of power with low capital investment. In general, PV units are operated as a standalone, a grid configuration or hybrid system [2] . Recently, the utilization of RER is growing rapidly, mainly because of its economical and environmental benefits compared to the conventional large power plant. Many RER such as PV array, wind turbines and fuel cell, do not generate a 50Hz voltage, so they require an interface device to regulate the AC power.
The lack of adequate transmission capacity, limitations in constructing new transmission lines and electricity market deregulation have been the main driving forces behind the concept of Distributed Generation (DG) which permits smallscale generators to be installed at the distribution level of the power system and close to end users [3] . Many DG systems employ renewable resources for electricity generation and therefore help mitigation of adverse environmental impacts of the fossil fuel-based centralized generation. Among renewable DG systems, PVGS have attracted considerable attention and investment in several countries and despite its relatively high cost and low efficiency [4] .
The growth of distributed PVGS may entail undesirable consequences for the existing power system in terms of harmonics, voltage profile, stability, etc [5] . This calls for thorough investigations on the modelling and performance of PVGS. To most utility companies, PVGSs are black boxes whose models are unknown and dynamic properties unidentified. Therefore, adequately accurate models need to be developed to facilitate impact studies and to identify the system transients. In addition, such models must provide the capability of being augmented with those of the distribution networks to allow comprehensive analytical and simulation studies.
The conversion systems of PVGS are properly controlled as a micro device to permit the operation of the PV either interconnected to the low voltage network, or operate in standalone mode, with a seamless transfer from the one mode to the other [6] . In the grid connected mode, the inverter system usually works in the constant current control mode to provide pre-set power to the utility of power system. When the microgrid is disconnected from the main grid, the monitoring system must detect the islanding situation and send the data to central controller in a very short span of time through communication system, enable the inverter system switch to the voltage control mode to provide a constant voltage to the local loads [7] .
Many research works have been carried out on grid connected photovoltaic systems focusing on the development of various technologies and control strategies. For PV, solar energy is used as a micro source in the microgrid energy system. This system has two major problems; the conversion efficiency is low especially under low irradiation conditions and the electric power generated by solar arrays changes continuously with weather conditions [8] . Moreover, the Voltage-Current (V-I) characteristic is nonlinear and varies with irradiation and temperature. Generally, there is a unique point on the V-I or Power-Current (P-I) curve, called Maximum Power Point (MPP) at which point the entire PV system (array, converter, etc...) operates with maximum efficiency and produce maximum output power. Many techniques has been proposed to improve the efficiency of the PV energy systems such as incremental conductance [9] , perturb and observe (P & O) [10, 11] , artificial neural network [12] and fuzzy logic methods [13] . This paper focuses on the control of PVGS and the implementation of the developed simulink model of PV module within microgrid energy systems. A grid connected PV energy system including conversion devices is presented to investigate the flexibility and venerability of the microgrid energy system. The effect and performance of PVGS is evaluated when power grid system connected to a variety of loads considering different types of contingencies based on load increase. The paper is organized as such that, the configuration of the PVGS is presented in section II. Section III describes the structure of a grid connected PV system and its associated control blocks. Simulation results obtained using Matlab/Simulink blocks are presented in section IV. Lastly, a brief conclusion is given in section V.
II. THE CONFIGURATION OF PHOTOVOLTAIC GRID CONNECTED SYSTEM
The hybrid microgrid as a combination of different sources can decrease the impact of the varying weather conditions on generated power into the loads. PV array, wind turbine, fuel cell, energy storage devices, data acquisition, distributed grid system and smart grid are considered the main structure of hybrid microgrid energy system. Basically, there are two operations applied by smart grid in the hybrid microgrid energy system, islanded operation and grid connected operation. The inverting system of the hybrid microgrid also has two operating modes, voltage mode inverter and current mode inverter. In this work, the PVGS inverter control strategy is implemented in order to improve the flexibility and venerability of the entire system. The proposed scheme of grid connected PVGS is shown in Figure 1 . The system consists of a grid, a photovoltaic array to generate electric power, DC/DC converter, DC/AC inverter, transformer and load. In the proposed method, the considered photovoltaic module in the simulation is a Shell SQ160PC module with a capacity of 160W as given in the datasheet. The module is made of 25 solar cells to get a maximum power output of 4kW. The proposed PV cell simulink model is shown in Figure 2 . The characteristic of the system is obtained at a constant level of irradiance and by maintaining a constant cell temperature. In order to extract the maximum efficiency from a solar cell it is necessary to operate the cell at the point where the cell delivers maximum power. PV cells are grouped in larger units to form PV modules, which are then interconnected in a parallel-series configuration to form PV arrays. The voltage and current of the PV array consisting of Ns series module and Np parallel branches. The output voltage of a solar cell is a function of the photocurrent that depends on the solar irradiation level during its operation. For the solar cell, the output current of a PV is represented by (1) . The effect of the solar radiation and ambient temperature on the output current and voltage of a PV module are given by (2) and (3) [14] . 
where, 
III. THE PVGS INVERTER CONTROL STRATEGY
Normally, converter and inverter are called as conversion system. The conversion systems together with a control system are employed to allow the entire microgrid energy system MGES operates either in a stand-alone mode or in a gridconnected mode. When MGES works in a stand-alone mode, the inverter system will be switched to voltage control mode in order to provide a constant voltage to the local loads. While the MGES works in a grid connected mode, the inverter system will be switched to a current controlled mode to provide a preset power to the utility of power system [15] . The basic information of the conversion system is illustrated in this section.
DC-DC converter transforms a given DC voltage (usually unregulated) to another level of regulated DC voltage. The function of the DC-DC converter is realized by using the energy storage devices such as inductor, capacitor and fast switching devices (transistor and diodes). The output power flow is controlled by adjusting the ON\OFF duty cycle of the switch [8] . Boost DC-DC converter steps-up a DC input voltage by a ratio which can be calculated as: (5), it is noted that is electronically adjustable by changing the switch duty ratio D .
In the given system, the PVGS units are connected to a power grid. The voltage and frequency are controlled by power grid. Since a PV is considered as DG, this unit of DG is controlled to provide a specified amount of real power depending on the rating units and the requirements of market. The constant current control and constant P-Q control are normally used as seen in Figure 3 . Usually, the unit reactive power is set to zero. The constant P-Q control technique is designed to supply constant real and reactive power as illustrated in Figure 4 . Here, the measured real and reactive powers of a PVGS unit are then compared with the reference value to obtain error signals. These signals are applied to a Proportional-Integral (PI) controller [2, 7] to get I dref and I qref . Then, both I dref and I qref are used as reference signals. The constant current control uses a reference frame transformation module abc/dq to transform the grid current waveforms into a reference frame that rotates synchronously with the grid voltage. Therefore, the control variables become DC values of I d an I q components. These components are compared with I dref and I qref to get error signals. The signals are applied to PI controllers to obtain V dref and V qref . These outputs (V dref and V qref ) are used to generate abc reference signal using dq/abc transformation. Consequently, pulse width modulation (PWM) uses the abc reference signal to generate switching signal. Figure 5 shows the simulating block diagram of the PV energy system. The PV array works as a micro source to produce electricity for loads connected to the power grid after the conversion of the DC into AC supply. And thus, the PWM inverter technique is used. The DC supply from PVGS is boosted up through DC/DC boost converter in order to maintain the required AC voltage level. To cope with the contingencies, the PVGS is connected to power grid through PWM inverter. According to equation (5), the adjustable duty ratio is adjusted to boost PV voltage into sufficient level. 
IV. SIMULATION RESULTS
Various factors must be considered when designing and installing a photovoltaic system to DG. The IEEE standard 929-2000 contains information and restrictions for personnel safety, utility system operation, equipment protection and power quality. In this work, the system evaluated using Matlab simulink blocks based of the given data in Table 1 . The effect of temperature on Current-voltage (I-V) and power-voltage (P-V) are shown in Figures 6 and 7 respectively. Furthermore, the characteristics of simulated (I-V) and (P-V) considering different values of solar radiation are depicted in Figures 8 and  9 . Basically, these characteristics can be obtained at a constant level of irradiance and by maintaining a constant cell temperature.
PV cells are grouped in larger units to form PV modules, which are further interconnected in a parallel-series configuration to form PV arrays. The PV cell output voltage is a function of the photocurrent that depends on the solar irradiation level during its operation. The output current of a PV cell is represented by equation (1) . In order to extract the maximum efficiency from a solar cell, it is necessary to operate the cell at the point where the cell can deliver a maximum power. For testing the validity of the model, the system is subjected to the load increase. The performance of the PVGS due to the load increase is depicted in Figures 10 and 11 . As seen from these figures, when the system is running with normal loads the PV can maintain the consumed power by load as seen from the positive position of the active power. However, the additional loads in a period of time (0.15-0.35) sec will affect the supplied power from PV and the active power will move into the negative position. In other words, the load will need more power to be drawn from power grid to recover the load increase and maintain the system stability. This paper presents a model of PV grid connected system for computer analysis. The I-V and P-V characteristics of the model are investigated under various conditions. From the results, it can be seen that the microgrid is stable when a normal loads are applied into the system. If the loads are increased, an additional supply from power grid will be needed to maintain the stability of the system. The proposed model can be used for performance testing of different PV commercial types, and it could be used for simulation and study of different DG applications by establishing proper controllers.
